ABSTRACT: In Exp. 1, 39 ewe lambs (initial BW 29 ± .1 kg) were used in a 2 × 2 factorial arrangement with two breeds (Polypay and Targhee) and two diets (high-forage and high-grain) to examine the effects of restricting intake of a high-grain diet on onset of puberty and lamb performance. The experimental diets were fed from 13 to 40 wk of age. The high-forage diet was composed of 80% alfalfa cubes and 20% supplement. The high-grain diet was 90% concentrate and 10% alfalfa cubes. Feed intake of the diets was controlled so that lambs fed the high-grain diet had the same growth rate as those fed the high-forage diet. Plasma insulin concentration was higher ( P < .001) for lambs fed the high-grain diet than for those fed the high-forage diet. However, no diet effect on age at puberty was observed. In Exp. 2, 88 mature Targhee ewes were used to determine the effects of limiting intake of a high-grain diet on pregnancy and number of lambs born per ewe. Intake of the high-grain diet was restricted to achieve similar ME intake between diets. There were no diet effects on number of lambs born per ewe or subsequent lamb performance. Ewes fed the high-forage diet had a lower ( P < .001) weight gain than those fed the high-grain diet. It was concluded that restricting intake of high-grain diets is an effective alternative to feeding high-forage diets for meeting the nutrient requirements of ewe lambs and gestating ewes; however, no improvements on reproductive performance were observed.
Introduction
Diets that increase ruminal propionate production are believed to have a beneficial effect on reproduction. In studies with heifers, the use of ionophores as a feed additive resulted in early puberty (Moseley et al., 1977) and higher LH surge response to estrogen (Randel et al., 1982) or gonadotropin (Randel and Rhodes, 1980) stimulation. Ad libitum intake of highgrain diets resulted in increased ruminal propionate concentration (Luther and Trenkle, 1967) . Propionate is the major stimulant for insulin secretion (Manns et al., 1967) . Hinch and Roelofs (1986) found an increase in ovulation rate of sheep infused with insulin. Corn grain is frequently a less expensive source of energy than harvested forage. Limit feeding high-grain diets to provide caloric intake equal to that of forage-based diets fed ad libitum has been used successfully for growing steers (Loerch, 1990) . However, little information is available on the use of these energy sources when fed at isocaloric intakes to breeding females. The objectives of these trials were to determine the effects of meeting energy requirements by restricting intake of a high-grain diet on age at puberty of ewe lambs and reproductive performance of mature ewes. Effects on blood concentrations of glucose and insulin also were determined.
Experimental Procedures
Experiment 1. Thirty-nine ewe lambs (initial BW = 29 ± .1 kg) were used in a completely randomized design with a 2 × 2 factorial arrangement of treatments. Factors were breed (Polypay vs Targhee) and diet (high forage vs high grain). Lambs were allotted by weight into eight pens: seven pens with five lambs each and one pen with four lambs. Initial weight was recorded at the beginning of the experiment, and subsequent weights were recorded weekly. Intake of the diets was adjusted (based on growth rates) when needed to achieve equal growth rate among diets. The experimental period was divided in two parts: growing and breeding periods. The growing period had a duration of 153 d (July to November), whereas the breeding period lasted 35 d. Ewe lambs were 13 wk old at the beginning of the experimental period. One ewe lamb died at the beginning of the breeding period due to Pasteurellosis. Body condition scores were determined subjectively by palpation at the beginning and end of the breeding period (range 1 to 5; 1 = very thin and 5 = very fat). At the beginning of the breeding period, ewe lambs were grouped according to diet and breed and were mated to rams from the same breed. The brisket of fertile rams was coated with a mixture of grease and colored chalk to mark ewes that were mounted. Standing estrus of marked ewes was confirmed with a vasectomized ram. Breeding dates were recorded daily. Following the breeding season, all ewes were grouped together and fed a typical forage-based gestation diet until lambing. During the experimental period, ewe lambs were fed either a high-forage diet consisting of 80% alfalfa cubes and 20% pelleted supplement or a high-grain diet composed of 10% alfalfa cubes and 90% concentrate (46% pelleted supplement and 44% whole shelled corn). Alfalfa cubes contained 47% NDF and 17.9% CP. Experimental diets and chemical composition are shown in Table 1 . Diets were formulated to meet or exceed nutrient requirements for the ewes (NRC, 1985) ; nutrient density of the high-grain diet was approximately 30% greater than that of the highforage diet to account for the intake restriction of the high-grain diet. Diets were fed once daily at 0800, and lambs had ad libitum access to fresh water.
Blood samples for progesterone determination were collected by jugular venipuncture, twice a week before feeding, using EDTA as an anticoagulant. Plasma progesterone concentrations were quantified by radioimmunoassay using methods described and validated by Hu et al. (1990) . Intra-and interassay CV were 3.35 and 9.97%, respectively. Puberty was defined when plasma progesterone first attained levels of 1 ng/ mL or greater.
Monthly blood samples were taken to determine plasma insulin and glucose at 0, 3, 6, and 9 h after feeding. Plasma insulin concentrations were determined by RIA (Diagnostic Products, Los Angeles, CA). Intra-and interassay CV were 2.28 and 7.69%, respectively. A known sheep plasma sample was added to the standards to confirm parallelism of the curves. Plasma glucose concentrations were analyzed by colorimetric determination using the glucose oxidase procedure (Sigma Diagnostics, St. Louis, MO).
Data were analyzed as a completely randomized design with a 2 × 2 factorial arrangement of treatments using the GLM procedure of SAS (1991) . The model statement included terms for diet, breed, and diet × breed. Data for insulin and glucose concentrations were analyzed using the GLM repeated measures analysis of SAS (1991) . Pen served as the experimental unit. Data for lambing percentage were analyzed by chi-square (SAS, 1991) using animal as the experimental unit. Animal care was according to guidelines recommended by the Consortium (1988) .
Experiment 2. Eighty-eight mature Targhee ewes (initial BW = 75.8 ± .4 kg) were used in a randomized complete block experiment to determine the effects of limiting intake of high-grain diet on pregnancy and number of lambs born per ewe. Ewes were allotted to six pens; two pens with 14 ewes and four pens with 15 ewes each. Ewes were blocked by initial body condition score (low, medium, and high). Body condition scores were determined subjectively by palpation, and scores ranged from 1 to 5; 1 indicated a thin condition and 5 indicated a fat condition.
Starting 3 wk before the breeding season, ewes were fed a high-forage diet or limited intake of a highgrain diet (Table 2) . Ewes continued on the same diets during gestation. Intake of the high-grain diet was restricted such that high-grain and high-forage diets provided a similar intake of ME daily. Diets were formulated to meet or exceed the nutrient requirements for gestating mature ewes (NRC, 1985) . Intakes of both diets were increased during the final third of gestation to meet increased energy requirements during this stage of production. Alfalfa cubes contained 60% NDF and 17.3% CP. Ewes received their experimental diets until 1 wk before expected lambing. Subsequently, all ewes were fed a foragebased gestation diet. Lamb birth and weaning weights were recorded to provide information on any residual effects of the gestation diets on lactation performance. During the 5-wk breeding season, ewes were exposed to six fertile rams. Standing estrus was determined and recorded as in Exp. 1.
Jugular blood samples were collected via venipuncture from five ewes in each pen during the last trimester of gestation. Blood samples were collected at 0, 3, 6, and 9 h after feeding. Plasma samples were processed and analyzed for glucose and insulin as previously described in Exp. 1. Intra-and interassay CV were 6.65 and 7.16%, respectively.
Number of lambs born per ewe and performance data were analyzed using the GLM procedure of SAS (1991) for a randomized complete block design. The model statement included terms for diet and block (initial condition score group). Data for glucose and insulin concentrations were analyzed using the GLM repeated measures analysis for a randomized complete block design (SAS, 1991) . Pen served as the experimental unit for all analyses. Animal care was according to guidelines recommended by the Consortium (1988).
Digestibility Trial. Four ruminally fistulated wethers (52 kg BW) were used to determine the effects of feeding a high-grain diet at a restricted intake vs a high-forage diet on digestibility, N metabolism, and ruminal VFA concentrations. Three months before the experiment took place, lambs were fistulated under guidelines of a protocol approved by The Ohio State Animal Care and Use Committee. Composition of the diets is shown in Table 3 . Alfalfa cubes were 48% NDF and 18.5% CP. Diets were fed once daily and lambs had free access to fresh water.
Lambs were placed in metabolism crates (1.6 m × .53 m ) that were designed to permit separation and collection of feces and urine. Experimental diets were fed for 14 d before the 5-d collection period. In Period 1, lambs were randomly assigned to one of the two experimental diets. In Period 2, diets were switched so that no lamb received the same diet in both periods.
During the collection period, total feces were collected and weighed and a 10% aliquot was saved and frozen daily. At the end of the collection period, composited samples for each lamb were stored frozen until analysis. Containers used for urine collection contained sufficient (100 mL) 6 N HCl to maintain urine pH below 3. A 5% aliquot of urine was saved daily and composited at the end of the collection period for each lamb for later analysis.
Samples of feed, orts, and feces were analyzed for DM and OM (AOAC, 1984) . Nitrogen determination was done using the macro-Kjeldahl technique (AOAC, 1984) . Nitrogen retention and digestibility were calculated by difference. Diet metabolizable energy (ME) was calculated using the assumption of Lofgreen (1953) and Crampton et al. (1957) that OM digestibility is equal to TDN. Further calculations were based on equations published by NRC (1985) , where DE = TDN × .04409 and ME is 82% of the DE.
Ruminal contents were sampled at 0, 3, 6, 9, and 12 h after feeding to determine pH, VFA, and ammonia Table 4 . Effects of breed and diet on age at puberty and performance during the growing period in Experiment 1 ab a Growth period was from the start of experiment until breeding (22 wk). b Intake of the grain-based diet was limited to achieve a growth rate that was equal to that of lambs fed the forage-based diet. c Puberty was defined to have occurred when plasma progesterone first attained levels of 1 ng/mL or greater. Table 5 . Effects of breed and diet on reproduction and performance during the breeding period in Experiment 1 ab a Breeding period lasted 5 wk. b Intake of the grain-based diet was limited to achieve a growth rate that was equal to that of lambs fed the forage-based diet. c BCS = body condition score; 1 = thin, 5 = fat. concentrations. Approximately 80 mL of ruminal contents was collected, pH was measured, and the sample was then strained through two layers of cheesecloth. Twenty-five milliliters of strained ruminal fluid was added to a tared bottle containing 5 mL of 10 N H 3 PO 4 . The exact weight of the ruminal contents was determined, the sample was diluted to two times the original volume with distilled water, and the samples were stored at 4°C. Acidified ruminal fluid was centrifuged at 17,000 × g for 10 min and the supernatant was saved. The supernatant was filtered into a scintillation vial. One milliliter of the supernatant plus .1 mL of internal standard ( 2 ethyl-butyric acid) were pipetted into appropriate vials for gas chromatography analysis of VFA (Palmquist and Conrad, 1971) . Ruminal ammonia concentrations were determined using the alkaline hypochlorite phenol colorimetric procedure (Broderick and Kang, 1980) . Data from this experiment were analyzed using the GLM procedure of SAS (1991). Period effect was not significant ( P > .10); therefore, period was removed from the final analysis. Ammonia, VFA, and pH data were analyzed using the GLM repeated measures analysis of SAS (1991) for a completely randomized design. The model contained effects due to treatment and repeated measures over time. Residual mean squares served as the error term.
Results and Discussion
Experiment 1. The performance data for ewe lambs during the growing period are presented in Table 4 . Despite efforts to achieve the same growth rates for ewe lambs in both dietary groups, there was a diet × breed interaction ( P < .01) due to the low variation among replicates. For Polypays, both ewes fed the high-forage diet and those fed the high-grain diet had an ADG of 173 g; for Targhee ewes, ewes fed the highforage diet gained 172 g/d, and those fed the highgrain diet gained 181 g/d. In accordance with the Table 6 . Effect of breed and diet on plasma insulin and glucose concentration of ewe lambs a Diet effect over time was significant ( P < .002). b Diet breed effect over time was significant ( P < .06). experimental objectives, DM intake of the ewes fed the high-grain diet was 31% lower than that of the ewes fed the high-forage diet. Daily CP intake was similar among groups. Age at puberty was not affected ( P > .10) by diet. However, Polypay ewes were younger ( P < .01) at puberty than Targhee ewes. This would be expected because Polypay is a synthetic breed, composed in part of Finnsheep, which are known for early puberty (Hulet et al., 1984) . The effects of diet and breed on ewe performance during the breeding period are presented in Table 5 . Diet did not affect ( P < .10) either BW or condition scores of the ewe lambs at the beginning or end of the breeding period. However, ewes fed high-grain diets had a lower ( P < .06) ADG than ewes fed high-forage diets. No diet effects ( P > .10) were observed on the number of ewes lambing but there was a breed effect: a lower ( P < .01) percentage of Targhees than of Polypays lambed (35 vs 100%, respectively). When ewe lambs were exposed to rams to be mated at 7 to 8 mo of age, Hulet et al. (1984) also observed a lower percentage of Targhee ewe lambs lambing than of Polypay ewe lambs. In the present experiment, neither diet nor breed affected age of the ewes at lambing. Ewes fed the high-grain diet had higher ( P < .001) plasma insulin concentrations at 0, 6, and 9 h after feeding than those fed forage (Table 6 ). These results are in agreement with reports that high-grain diets lead to high insulin concentrations in lactating cows (Jenny et al., 1974) , calves (Mears, 1993) , heifers (Reynolds and Tyrrell, 1991) , and sheep (Luther and Trenkle, 1967) . Effects of diet on plasma glucose concentrations were less consistent. At 3 h after feeding, ewes fed the high-grain diet had higher ( P < .01) plasma glucose than those fed high forage (64.3 vs 55.7 mg/dL, respectively). Immediately before feeding, diet did not affect plasma glucose in Polypay ewes, whereas Targhee ewes fed the high-grain diet had higher plasma glucose than those fed the highforage diet (interaction; P < .07). Diet did not affect ( P > .10) plasma glucose at 9 h after feeding, possibly due to modulation as a result of response to insulin. Despite higher insulin and glucose concentrations, no beneficial effect was observed on reproductive performance for ewes fed grain. The incidence of twinning was too low to determine diet effects on multiple births.
Our hypothesis was that feeding a high-grain diet may stimulate onset of puberty and enhance reproductive performance even when intake is restricted to provide the same caloric intake as that provided by a high-forage diet. Shifts in ruminal propionate may be linked to improved reproductive performance in ruminants. Shifts in ruminal fermentation have resulted in earlier age at puberty for heifers (Moseley et al., 1977) . In contrast, Lalman et al. (1993) did not observe an earlier onset of puberty in heifers fed an ionophore that would stimulate a propionate fermentation.
Although ruminal propionate concentration was not measured in the present experiment, limit feeding a similar high-grain diet to fistulated lambs caused a substantial increase in ruminal propionate compared to feeding a high-forage diet for ad libitum intake.
Previous reports on reproductive responses to changes in energy metabolism have dealt with increasing energy (i.e., grain) intake. The present trial was designed to compare effects of energy source (grain vs forage) when energy intake was held constant. The present results indicate that either shifts in metabolism were not sufficient to enhance reproductive performance of ewe lambs or that ewe lambs are not responsive to shifts in metabolism when energy intake is similar among energy sources. An important finding in this experiment was the lack of a detrimental effect of limit feeding a high-grain diet on performance of ewe lambs. This system provides an effective way of reducing feed costs when forage is a more expensive source of energy than grain.
Experiment 2. Effects of energy source fed prebreeding and during gestation on mature ewe performance are presented in Table 7 . In accordance with the experimental objectives, DM intakes of the ewes fed the high-grain diet were 28, 30, and 35% lower than those of the ewes fed the high-forage diet during prebreeding, early gestation, and late gestation, respectively. Ewes fed the high-grain diet gained more BW ( P < .001) during the experiment than those fed the highforage diet (11.9 vs 9.4 kg, respectively). In addition, the ewes fed grain tended to maintain BCS, whereas BCS of the ewes fed forage dropped by .6. Gestation length was 2 d longer ( P < .01) for ewes fed the high-forage diet than for those fed the highgrain diet. Bradford et al. (1986) reported a gestation length of 150 d for Targhee ewes, and Meyer and Bradford (1973) observed an average of 147.5 d for the same breed. It is not known whether shorter gestation for ewes fed grain was due to stress associated with the low amount of feed consumed and relatively long periods during the day when feed was not available. Other stresses such as heat have been reported to shorten gestation (Shelton and Huston, 1968) . Stevens et al. (1990) reported that fetal glucose supply shortened gestation length in ewes and increased lamb birth weight. The incidence of multiple fetuses was not affected by diet (Table 8) ; therefore, Table 9 . Effect of diet on plasma glucose and insulin concentrations of gestating ewes (Exp. 2) a Diet effect over time was significant ( P < .001). b Diet effect over time was significant ( P < .02). this potential factor did not affect gestation length. Lamb birth weight was not affected ( P > .10) by diet, and it is likely that differences in gestation length between diets was of little biological importance. All the ewes fed the high-grain diet lambed, whereas two ewes fed the forage diet did not lamb. There was no diet effect ( P > .10) on number of lambs born per ewe exposed or number of lambs born per ewe lambing. The number of lambs born per ewe exposed was similar to that reported by Meyer and Bradford (1973) and by Lewis and Burfening (1988) for Targhee ewes.
No effects ( P > .10) of the ewes' gestation diet on subsequent lamb performance were observed in this experiment (Table 8) . As would be expected, type of birth affected birth weight; single lambs were heavier ( P < .001) than twin lambs. Lamb birth weights were not affected ( P > .10) by the previous gestation diet of their dams, suggesting that both diets provided sufficient nutrients for the developing fetus. Jordan and Hanke (1963) fed a 75% concentrate diet to ewes at a restricted intake until approximately 1 mo before lambing. During the last month of gestation, ewes were switched to a diet higher in forage content. The high-concentrate diet did not have negative effects on ewe performance during gestation or subsequent lamb performance. Table 9 shows the results of plasma insulin and glucose during late gestation. Averaged over sampling time, insulin concentration was substantially higher ( P < .001) for the ewes fed grain than for those fed forage. Glucose concentration was higher ( P < .04) for the ewes fed grain at 0 and 3 h after feeding. Lack of a response at 6 and 9 h after feeding may be the result of an effort to maintain blood glucose through homeostatic mechanisms.
Our hypothesis was based on the findings that increased insulin enhanced reproductive performance through increasing ovulation rate of ewes (Hinch and Roelofs, 1986) , beef heifers (Harrison and Randel, 1986) , and sows (Cox et al., 1987) . Grain-based diets are known to increase the propionate concentration in the rumen compared with forage-based diets (Luther and Trenkle, 1967; Trenkle, 1970) . Propionate has been shown to be the major stimulant for insulin release in ruminants (Bines and Hart, 1984; Harmon, 1992) . Increased propionate was expected to affect insulin concentrations and trigger reproductive mechanisms responsible for enhancing number of lambs born per ewe. However, no beneficial effect on reproductive performance was observed when 85% concentrate diets were fed to ewes. Digestibility Trial. In accordance with the experimental objectives, DM intake of lambs fed the high-grain diet was restricted by 21% compared with the DM intake of those fed the high-forage diet (Table  10) . Apparent digestibility of DM and OM was higher ( P < .001) for the high-grain diet than for the highforage diet. This would be expected due to the higher proportion of corn in the grain diet, which is more digestible than alfalfa cubes. However, difference in digestibility between the two diets was greater than expected. Predicted apparent ME concentrations of the high-forage diets using tables published by the NRC (1985) did not agree with those observed in this trial. Higher predicted ME concentration than observed for the forage diet may be the result of an overestimation of the energetic density of alfalfa cubes. Intake may have contributed to the response, because the NRC tables are based on maintenance intakes (Tyrrell and Moe, 1975) . Predicted and observed energy contents of the high-grain diet were nearly identical.
Despite our efforts to provide an equal amount of N intake daily, N intake of lambs fed the restricted grain diet was lower ( P < .001) than that of lambs fed the forage diet. Lambs fed the high-grain diet had lower ( P < .001) fecal N than those fed the high-forage diet. This may be due in part to decreased dietary fecal N as a function of the high digestibility of the grain diet and reduced metabolic fecal N (Murphy et al., 1994) . Lambs fed the high-forage diet produced more feces, and fecal N is related to fecal DM output (Hironaka et al., 1970; Stallcup et al., 1975) . Because fecal N was reduced in the restricted high-grain diet compared with the high-forage diet, apparent N digestion was improved ( P < .001). Diet did not affect ( P > .10) urinary N. Lambs fed the high-grain diet had a higher N retention when expressed as grams/day ( P < .02), percentage of N intake ( P < .01), and percentage of N digested ( P < .04) than those fed the high-forage diet. Part of this response may have been due to the observed increase in energy intake for the lambs fed grain (Gubert, 1979) . However, Murphy et al. (1994) also reported improvements in N retention when lambs were limit-fed grain-based diets vs those fed higher intakes of forage-based diets. The lambs fed grain had a higher ( P < .01) ruminal concentration of propionate and lower ( P < .01) concentration of acetate than those fed the forage diet at all times after feeding (Table 11) . Total VFA concentration was not affected ( P > .10) by diet, except for the sampling before feeding ( 0 h). Ruminal pH was lower ( P < .02) for the grain diet at all sampling times after feeding. It is likely that lambs limit-fed the high-grain diet had decreased salivary buffering due to decreased eating and rumination time.
Ruminal ammonia concentration was not affected ( P > .10) by diet (data not shown). Because ruminal ammonia concentration may be an indicator of protein degradation rates, apparently the net rates of protein degradation and incorporation of ruminal NH 3 into microbial protein were similar between the diets.
Implications
No improvements in reproductive performance were observed when a high-grain diet fed at a restricted intake was compared to a traditional high-forage diet. Limit feeding a high-grain diet does not have detrimental effects on performance of ewe lambs and mature ewes. This feeding system can be used effectively as an alternative program to reduce feed costs when forage is a more expensive source of energy than grain.
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